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INTRODUCTION 
Nearly four centuries have elapsed since the original 
morphologic descriptions of the corpus luteum were made by 
sixteenth century anatomists. During this interval endocrine 
relationships have been established between this organ and 
various aspects of reproduction, including lactation. It is 
well known that the time between periods of estrus in poly-
estrous mammals is dependent upon secretory activity of the 
corpus luteum. At present however, we do not comprehend the 
mechanisms involved in the development, maintenance and re­
gression of the corpus luteum. A better understanding of the 
functional role of the corpus luteum would afford solutions to 
problems associated with embryonic survival, abortion and re­
peat breeders and would afford a means of increasing efficiency 
of production and quality of meat animals through control of 
the estrous cycle. The objective of this study was to inves­
tigate in vitro progesterone production by gilt corpora lutea 
during the estrous cycle and pregnancy and evaluate factors in­
fluencing this in vitro response to provide information appli­
cable to the elucidation of control of this organ. 
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LITERATURE REVIEW 
Morphology of the Corpus Luteum 
Cells of the wall of a ruptured follicle, after discharge 
of the oocyte from the ovary, give rise to a solid structure 
known as the corpus luteum, the internal secretion of which 
plays an important part in control of female reproductive proc­
esses. Volcherus Goiter (1573) was apparently the first to 
have recorded its observation. This body was named by Reijner 
de Graaf (1672) a century later. The classic paper by Corner 
(1921) and the more recent investigations by Burger (1952) 
described in detail the morphological changes of the porcine 
ovary throughout the estrous cycle. Two or three days before 
onset of estrus, the definitive follicle begins to enlarge 
rapidly. At this time, hypertrophy of the theca interna and 
partial dissolution of the cumulus oophorus occurs. With col­
lapse of the follicle at ovulation, the granulosa remains in­
tact except for loss of the cumulus oophorous with the ovum. 
Granulosa cells hypertrophy, their cytoplasm becomes 
laden with lipid material, and they become the •'lutein cells" 
of mature corpora. The membrane granulosa is invaded by blood-
capillaries from the theca interna which ramify to form an ex­
tensive vascular plexus throughout the developing corpus. 
Large lipid laden cells of the tlxeca interna pass into the 
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corpus luteum and become lodged between lutein cells of granu­
losa origin. At the third day, central cavities of corpora 
lutea are filled with dark red blood clots, which may be re­
placed by connective tissue plugs by the 6th day, or by a 
yellowish fluid which may persist up until the 15th or 18th 
day of the cycle. A marked vascularity of corpora is plainly 
evident after the 6th day. By the 7th day after onset of es-
trus, the corpus luteum is fully differentiated. Granulosa 
lutein cells are very conspicuous, being 30 to 40Jul in diame­
ter, while cells originating from the theca interna are smaller 
(10-25JJ ) and are packed with small vacuoles and fat droplets. 
Lutein cells are held by a framework of reticular connective 
tissue arising from capillary endothelium. By the 10th day the 
corpus luteum is usually solid with fully differentiated cells, 
though a few in each ovary may remain slightly cystic. This 
persists to the 18th day, after which blood-capillaries atrophy 
as regression occurs; lutein cells undergo rapid degeneration 
becoming vacuolated with pycnotic nuclei; connective tissue be­
comes thicker and more dense; and the gland changes from a soft 
dark red consistency to a firm consistency of whitish tone 
similar to scar tissue. Microscopic examination shows the 
change to have been so rapid as almost to defy comparison with 
the previously existent conditions. The most striking feature 
of the change is disappearance of granulosa lutein cells. 
Cells of thecal origin do not degenerate as abruptly but may 
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persist for several weeks. By the time of a new ovulation 
regressing corpora lutea have diminished to 6 mm. diameter, 
and by the second ovulation to 3 or 2 mm. After this they can 
still be recognized in sections for at least another cycle of 
ovulation, but finally become so obscure that they can no 
longer be certainly distinguished from atretic follicles. 
Corner (1921) recorded initial size of corpora lutea of estrus 
as 4 to 6 mm. and after one week's growth as 8 to 9 mm., retro­
gressing in 14 to 15 days to 6 nun. The corpus luteum gravi-
tatis reaches its maximum size of 10 to 11 mm. after two or 
three weeks development. Burger (1952) recorded maximum de­
velopment near the 15th day beyond which reductional changes 
occur as the next cycle approaches. Corpora of unfertilized 
ovulation and of pregnancy are not morphologically distinguish­
able during the first 2 weeks after ovulation. 
Isolation and Biosynthesis of Progesterone 
L. Fraenkel (1903) was first to demonstrate that removal 
of corpora lutea from pregnant rabbits was responsible for 
failure of rabbit embryos to survive. Leo Loeb (1907) and 
Bouin and Ancel (1910) reported removal of corpora lutea by 
excision or cauterization causes failure of the process of 
endometrial proliferation common to rabbits after mating. 
Loeb later (1923a) suggested a multiplicity of factors were 
involved in ovulation, estrus, maintenance of corpora lutea and 
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development of the mammary gland. Corner (1928) confirmed 
Praenkel's observation, pointing strongly to the existence of 
a special action of the corpus luteum upon endometrium induc­
ing progestational proliferation necessary not only for im­
plantation, but also for nutrition of the free blastocyst. 
Zondek and Aschheim (1927) postulated periodic liberation of 
gonadotrophic hormones controlling the ovarian cycle but had 
no suggestion as to factors controlling this periodic libera­
tion. Smith and Bngle (1927) observed increased corpora forma­
tion following pituitary implants and Hisaw and Leonard (1930) 
concluded that a balance between follicle stimulating hormone 
(PSH) and the corpus luteum hormone was necessary for proges­
tational proliferation. Corner and Allen (1929) prepared lipid 
extracts of corpora lutea of the sow and injected these ex­
tracts into ovariectomized rabbits to establish some criteria 
for a biological response. In addition to accomplishing a 
bioassay, they demonstrated that these extracts could maintain 
pregnancy in the ovariectomized rabbit. 
By 1932 physiologically active crystallizates had been 
secured from the corpus luteum by Pels (1931), Allen (1932) 
and Fevold and Hisaw (1932). In 1934 Allen and Wintersteiner, 
Butenandt et_ al., and Slotta et al. each independently suc­
ceeded in crystallizing the active hormone from lipid extracts 
of sow corpora lutea. Isolation, crystallization and steriodal 
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analysis showed this hormone to be progesterone. In the prep­
aration of Butenandt et al. (1934), about 625 kg. of ovaries 
from 50,000 sows yielded 20 mg. of pure progesterone. 
Investigations pertaining to biosynthesis of progesterone 
were stimulated when Hechter (1949) perfused rat adrenal glands 
and showed that introduction of radioactive acetate and of 
radioactive cholesterol led to formation of radioactive ad­
renal hormones. If ACTH was added, conversion could be in­
creased. He thus established two steroid precursors and the 
effect of trophic hormones. Saffran £t al. (1952) demonstrated 
a similar response with rat adrenal slices but not homogenates. 
Brady (1951) demonstrated that slices of rabbit, swine and 
human testes convert acetate to testosterone; greater incor­
poration of acetate was achieved in presence of chorionic 
gonadotrophin. Both carbon atoms of the acetate molecule were 
incorporated, in the steroid (Little and Bloch, 1950), however, 
isovaleric acid and acetoacetic acid (Brady, 1951) were shown 
to be more effective precursors. These experiments led to the 
suggestion that dimethylacrylic acid or mevalonic acid may be 
intermediate in biosynthesis, each capable of combining to form 
15 carbon farnesenic acid, a compound which rat liver extract 
can convert to squalene. Squalene can be so rearranged (Wood­
ward and Bloch, 1953) that it will, by forming cross bonds at 
points involving a double bond and shifting two methyl groups 
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to positions 13 and 14, yield lanosterol. To complete the 
conversion to cholesterol requires participation of 03 (Bucher 
and McGarrahan, 1956) and TPNH (Samuels, 1958) and involves: 
removal, by oxidation to COg, of three methyl groups; reduc­
tion of the double bond in the side chain (between carbon 
atoms 24 and 25); and change of a A8-ene function to a A^-ene 
function. 
Conversion of cholesterol to steroid hormones involves 
hydroxylation of cholesterol at carbon 20, then splitting at 
this point with formation of isocaproic acid and 5-pregnen-
3^3 -ol-20-one (Staple ejt al., 1956), a compound isolated from 
testes, adrenals and corpora lutea. Enzyme systems that effect 
their formation have been identified in particle-free adrenal 
extracts and required DPN and ATP for maximal activity. Con­
version of cholesterol to pregnenolone appears to be a rate 
determining step in the formation of steroid hormones (Stone 
and Hechter, 1954). Conversion of pregnenolone to progesterone 
is catalyzed by preparations from placentas, corpora lutea 
(Pearlman, 1954), testes and adrenals by the action of a DPN 
dependent 3p hydroxysteroid dehydrogenase system of the micro­
somal fraction (Beyer and Samuels, 1956). Desoxycorticosterone 
also may be converted to progesterone in vivo (Zarrow et al., 
1950). 
Progestins have been identified in corpora lutea, placentas, 
adrenals (Beall, 1938), testes and Graafian follicles prior to 
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ovulation (Bmmens, 1959). Extracts of human and bovine 
placenta containing progestin activity were prepared in 1934 
(Adler et al.) but progesterone as such was not isolated until 
1952 (Salhanick et al.,1952; Diczfalusy,1952). Chemical an­
alysis has not detected progesterone in placentas of the ewe, 
goat, or sow (Short, 1957). After Callow and Parkes (1936) 
obtained progestational activity with testicular extracts, 
Ruzicka and Prelog (1943) recovered A"*-pregnen-3p -ol-20-one 
from hog testes and Samuels ejt al., (1951) found that intersti­
tial cells of testes contain an enzyme that will oxidize this 
compound to progesterone, Savard and Goldzieher (I960) iso­
lated progesterone from stallion testes tissue. 
Physiological Properties of Progesterone 
It is difficult to explain the biological activities of 
progesterone, especially since these effects for the most part 
are not normally displayed until after estrogens have accom­
plished their growth effect upon the reproductive tract and 
associated structures. Estrogens have as their basic property 
growth action while progestins are primarily concerned with 
differentiation. Any discussion of progestational activity 
must be superimposed upon the understanding that observed 
metabolic alterations represent the physiological expression 
of the sum total of all present biological hormones and asso­
ciated metabolites acting on receptor organs. 
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In addition to the numerous systemic effects summarized 
by Smith (1955), progesterone has various biologic actions on 
the genital system. The vagina responds to cyclical changes 
in progesterone-estrogen ratio. In laboratory animals there 
was a transition from cornified vaginal mucosa to the mucified 
condition immediately after ovulation (Long and Evans, 1922; 
Stockard and Papanicolaou, 1917). During the luteal phase, 
the uterus shows a number of changes as a result of combined 
actions of estrogens and progestins (Reynolds,1949). Bouin 
and Ancel (1910) described histological changes occurring in 
the rabbit uterus during preparation for implantation of the 
ovum and related the phenomena to the corpus luteum. The pro­
gestational response in endometrium usually began about 24 
hours after ovulation. This response, due to combined action 
of estrogen followed by progesterone plus estrogen, was charac­
terized by enlarged endometrial stroma cells and tortuous 
glands with prominent glycogen secretions. In addition, ex­
periments of Loeb (1907) elucidated the role of the corpus 
luteum in production of decidual cells following mechanical 
stimulation of the guinea pig uterus. 
Effects of progesterone on uterine myometrial function 
(Csapo, 1959) produced a "negative staircase"; shortened dura­
tion of the contraction cycle; lowered ionic gradients across 
the cell membrane; altered the K* gradient threshold; abolished 
conduction; desensitized myometrium to Ca++ lack; and increased 
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frequency of spontaneous activity and height of contracture 
without any increment in tension. Progesterone displayed a 
strong tendency to inhibit the delivery effect of oxytocin in 
intact and ovariectomized mice (Kroc el: al., 1959). Cervical 
secretions of monkeys were much less during the progestational 
phase and tissue glycogen content was reduced following ovula­
tion (Van Dyke and Ch'en, 1936). Progesterone had little or 
no effect on rat cervix dilatability (Kroc, 1959). Although 
probably influenced by progesterone, little research has been 
done on the effects of progesterone on the physiology of the 
oviducts. 
Injection of 5 meg. of progesterone into the hypothalamus 
or the caudal neostriatum induced premature ovulation in the 
hen (Ralph and Praps, 1960). In rodents, progesterone influ­
enced secretion of FSH, LH, and LTH to assist in formation and 
function of the corpus luteum (Burrows, 1949). Large doses 
of progesterone given over long periods of time, as well as 
constant secretion, not only inhibited LH and ovulation, but 
also restricted the development of follicles. Crude corpus 
luteum extracts and crystalline progesterone caused atrophy 
of ovarian stroma, prevented maturation of follicles (Selye 
and Friedman, 1940) and had a retarding effect on mating re­
sponse (Slechta ejt a^L., 1954) and litter size (Velardo et al.. 
1956) in laboratory animals. Mammary tissue requires proges­
terone for complete development and functional activity. Loeb 
11 
and Hesselberg (1917) observed cessation of secondary prolifer­
ation of the guinea pig mammary gland following extirpation of 
the corpus luteum. While estrogen is required for ductal growth 
and stromal proliferation, progesterone acts upon the initial 
growth stimulus of estrogens and induces lobular-alveolar pro­
liferation. 
Dorfman and Goldsmith (1951) expanding Green's (1941) 
"trace substance-enzyme" hypothesis advanced the concept that 
endocrine secretions exert regulatory influences on growth and 
metabolism by modifying activity of specific enzyme systems. 
Progesterone could induce these changes by 1: changes in tissue 
concentration, 2: functioning as a coenzyme, 3: inhibiting or 
accelerating enzyme activity, 4: affecting enzyme inhibitors 
(Dorfman, 1952), or 5: participating in feedback mechanisms. 
Permeability of cellular membranes may be altered by orienta­
tion of steroid molecules at surface boundaries or by interac­
tion with metabolic systems responsible for maintaining the 
state of cell membranes (Stadie, 1951). Csapo (1959) explained 
all the seemingly multifarious effects of progesterone on 
uterine myometrium by increased Na+ and decreased K+ content of 
myometrial cells and probably by a more stable Ca++ complex 
in the membrane or myoplasm. Progesterone upsets the ionic 
balance of the myometrial cell in a yet unknown manner; the 
disturbances may be due to an inefficiency of the "Na-pump" 
mechanism, resulting from inadequate metabolism, or changes in 
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membrane permeability or efficiency of carrier systems. De­
crease in intracellular concentrations of K+ and increase in 
Na+ results in decreased electrochemical gradients - thus mem­
brane potential and propagation will decrease. Since the final 
contractile system Cactomyosin-ATP) of myometrium, is not no­
ticeably different under estrogen or progesterone domination 
it follows that under progesterone domination myometrium is 
fully capable, potentially, of performing maximum tension, 
but it can not work effectively because physiological mechanisms 
of excitation, and probably the excitation-contraction coupling, 
are blocked. 
Factors Influencing Luteal Activity 
According to Nalbandov (1958) the hormone responsible for 
growth and maintenance of the corpus luteum is unknown. How­
ever, the findings of current research argue against the often 
stated theory that the life span of corpora lutea is self 
limiting. Armstrong and Hansel (1959) have suggested oxytocin 
may affect the development of the corpus luteum. In rats 
(Nelson, 1946) and possibly sheep (Moore and Nalbandov, 1955) 
lactogenic hormone has been found to prolong the life of cor­
pora lutea beyond their normal cycling span. Santolucito e£ 
al. (1960) found ewe pituitary LTH content did not vary sig­
nificantly during the estrous cycle. Aldred ejt al. (1959) 
found exogenous progesterone did not prevent formation of 
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corpora lutea in swine, but that this hormone became luteo­
lytic sometime after corpora had reached apogee (about 15 
days after ovulation). They suggested the hypophysis ap­
parently secretes luteotrophin about the time of ovulation 
and not again until approximately day 15 of gestation. In 
absence of pregnancy, corpora lutea degenerate in mid-cycle ; 
if pregnancy ensues reinitiation of luteotrophin secretion, 
signalled by uterine contents, prevents degeneration of 
corpora lutea. Day ejt jil. (1959) observed a linear increase 
in lactogenic hormone potency of gilt pituitaries with in­
crease in time after estrus. LH potency was higher in preg­
nant gilts than during estrus or early proestrum. According 
to Everett (1956) transplantation of the rat hypophysis to 
the renal capsule favors luteotrophin secretion, and by elim­
inating luteolytic mechanisms allows corpora lutea to remain 
functional. During pregnancy a substance of placental ori­
gin is effective in prolonging luteal function in rodents, 
monkey and man. Chorionic gonadotrophic hormone is believed to 
be the active substance in primates (Hisaw, 1944) and rodents 
(Enders £t jal., 1953). Decidual tissue of the rat is a source 
of placental gonadotrophin capable of maintaining corpora 
lutea (Astwood and Creep, 1938). Loeb (1923b) demonstrated 
prolongation of the persistence of corpora lutea of guinea 
pigs for two months or longer following hysterectomy, He con-
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eluded that somehow the activity of the uterus is one of the 
factors responsible for the onset of retrogression in the cor­
pus luteum and that the relations between uterus and corpus 
luteum are reciprocal. The corpus luteum produces a substance 
which sensitizes the mucosa of the uterus and the uterus in 
turn responds, causing the corpus luteum to retrogress. Asdell 
and Hammond (1933) observed corpora lutea in mated hysterec­
tomized rabbits retained their size and ovulation inhibiting 
function for 24 to 29 days, representing a life approximately 
10 days longer than that of the pseudopregnant corpus luteum, 
but about 6 days shorter than that of the corpus luteum of 
pregnancy. Removal of the uterus in the ewe and cow caused 
maintenance of the corpus luteum up to 100 and 154 days re­
spectively (Wiltbank and Casida, 1956) but was without effect 
in the opossum (Hartman, 1925) or monkey (Burford and Diddle, 
1936). For rats, Bradbury _et al. (1950) reported 12, 18 and 22 
days for the length of pseudopregnancy, pseudopregnancy follow­
ing hysterectomy and gestation respectively. Spies et al. 
(1960) hysterectomized four gilts 7 days after beginning of 
heat. None of the gilts showed estrus by time of slaughter 
32, 71, 72 and 119 days after the pre-operative estrus. The 
functional status of these glands was not investigated. Ac­
cording to Du Mesnil Du Buisson and Dauzier (1959) corpora 
lutea persisted for 117 days and ovulation occurred about 200 
days after the last estrus in hysterectomized pregnant and 
nonpregnant sows. 
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Progesterone Assays 
The basis of tests using progestational proliferation is 
the work of Corner and Allen (1929) in which they showed al­
coholic extracts of corpus luteum contain a substance which, 
when injected into castrated adult female rabbits, induces a 
characteristic alteration of endometrium identical to the re­
sponse of the uterus of the rabbit in pregnancy or pseudo­
pregnancy. Following five daily subcutaneous injections the 
reaction was designated consistent with the eighth day of nor­
mal or pseudopregnancy in the rabbit. Allen (1930) proposed 
the term "progestin" for this hormone of the corpus luteum on 
the basis of its effect on progestational proliferation. The 
Corner-Allen rabbit unit is the minimum quantity of "progestin" 
required to produce a +3 or +4 proliferation. One rabbit unit 
is equivalent to 1.00 mgm. of progesterone and corresponds to 
1.00 international unit (I.U.). 
McPhail (1934) published results of an examination of 
progestational endometrial proliferation in immature rabbits 
previously observed by Clauberg (1930). Immature rabbits were 
pre-treated with 150 I.U. estrone (0.1 mg. = 1,000 I.U.) in­
jected over a six day period and then given five daily intra­
muscular injections of progesterone. Proliferation was graded 
on a scale from one to four with one unit defined as the amount 
of progesterone causing an average proliferation of two, corre-
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spending to one rabbit unit equivalent to 0.75 mg. progesterone. 
McGinty et al. (1939) found crystalline progesterone in­
troduced directly within the lumen of estrone-sensitized rab­
bits produced proliferation of endometrium characteristic to 
that reported by McPhail (1934). Single applications of 0.5 
to 5 meg. in 0.1 cc. of oil in segments of uterus 3 to 4 cm. 
in length caused reactions in 72 hrs. equivalent to those ob­
tained with 0.5 mg. progesterone administered intramuscularly 
in the intact rabbit. As little as 0.125 meg. of progesterone 
produced threshold endometrial reactions. 
Haskins (1939, 1940) repeated the work of McGinty (1939) 
and his colleagues and was able to detect as little as 0.13 
meg. progesterone. He concluded the method was superior to 
intramuscular injection as a qualitative assay because of its 
relative sensitivity. Progestational responses of the above 
type may be obtained by injected androgens, A-^-3-ketopregnene-
20oC-ol and A4-3-ketopregnene-20f3 -ol (Zander et al., 1958). 
The proliferation test is therefore not specific. 
Various other methods have been based on induction of 
sexual receptivity in estrogen primed guinea pigs (Dempsey et 
al., 1936). As little as 0.05 I.U. of progesterone was detec­
ted and several closely related compounds (pregnandione, 
pregnandiol, estriol, testosterone, androstenedione, and de-
hydroandrosterone) proved unable to produce the copulatory ef-
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feet (Hertz ejfc al.» 1937). 
The formation of deciduoma in the rat or guinea pig was 
proposed by Astwood (1939) as an assay method for detection of 
progesterone. Consistent deciduomata formation occurred when 
pseudopregnant animals were ovariectomized and then injected 
with progesterone. This procedure utilizes natural sensitiza­
tion of endometrium, which is only maintained on ovariectomy 
if exogenous progesterone is supplied. A minimum response 
with 0.75 mg. and a maximum response with 1.5 mg. administered 
over a three day period, was obtained. Velardo and Hisaw 
(1951) quantitated this response by determining percent in­
crease of traumatized cornu over nontraumatized cornu in ovari­
ectomized pseudopregnant rats. Both testosterone and DCA are 
capable of inducing decidual response, however, cortisone, 
hydrocortisone, ACTH (Velardo, 1957a) pregnane-3cx , 20^ -diol 
and pregnane-3p , 20p -diol (Velardo, 1957b),inhibit the forma­
tion. 
A method sensitive to micro amounts of progestins was de­
veloped by Hooker and Forbes (1947). The assay consists of 
injection of 0.0006 cc. of test material into a 5 mm. ligated 
segment of uterine horn in an adult mouse ovariectomized 16 
days earlier. The animal is autopsied 48 hours after injection 
and the uterine segment is sectioned. Under these conditions 
minimal effective dose of progesterone in oil is 0.0002 meg. 
The cytological criterion for positive response is modification 
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of the cell type found in endometrium of an untreated castrated 
animal into prominent appearing cells having plumpy, oval 
nuclei, conspicuous nucleoli and fine, evenly dispersed 
chromatin particles. Estradiol, estrone, testosterone and de-
soxycorticosterone acetate did not duplicate the action of 
progesterone, but 17 hydroxyprogesterone, A4-3-ketopregnene-
20oc -ol (i—1/3 as active) and A4-3-ketopregnene-20jP -01 
(l/5-l/lO as active) gave positive responses (Zarrow et al., 
1957). 
Increased uterine carbonic anhydrase following adminis­
tration of 0.5 to 4.0 mg. of progesterone was suggested as a 
standard assay procedure due to the relative ease and speed 
of enzyme determination (Pincus et al., 1957). Other methods 
have been suggested but have received no critical attention in 
view of the greater sensitivity of the Hooker-Forbes assay. 
Most present methods for chemical determination of pro­
gesterone in biologic material depend upon ultraviolet absorp­
tion due to the electronic state of the free steroid or its 
derivatives. Such procedures necessitate elaborate purifica­
tion of extracted material. Slotta ejfc al. (1934) were first 
to utilize absorption at 240 my. during their purification of 
progesterone from corpora lutea. Reynolds and Ginsburg (1942) 
applied ultraviolet spectroscopy to the assay of biologic ma­
terials. Measurable concentration range was 1 to 20 meg./ml. 
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Haskins (1950) was first to describe a procedure for chemical 
determination of progesterone in blood. Butt et. al» (1951) 
subsequently developed a polarographic analysis based on esti­
mation of the Girard reagent T complex as a A4=3,20-diketo-
steroid. Sensitivity is given as 0.1 meg./ml. Combined tech­
niques of solvent partition, paper chromatography and spectro­
photometry have been utilized for organ analysis by Zander 
(1954), Edgar (1953), Short (1958a), Rakes ejt al. (1958) and 
Loy ejt al. (1957). Maximum sensitivity was stated to be 0.05 
meg./ml. Efficient combinations of countercurrent distribu­
tion and spectrophotometry have been used by Diczfalusy (1952) 
and Pearlman (1954). Hinsberg et al. (1956) treated a frac­
tion obtained by chromatography of the crude extract on 
alumina with 2-4-dinitrophenylhydrazine. The resulting hy-
drazone was purified on alumina and estimated colorimetrically. 
Bernstein and Lenhard (1954) examined absorption spectra of 
steroids in 97% sulfuric acid. Umberger (1955) suggested a 
method using isonicotinic acid hydrazide as a reagent for de­
termination of A4-3-ketosteroids. A fluorometric analysis 
following heating of progesterone extracts in sodium hydroxide 
prior to dissolving in sulfuric acid was reported by Touchstone 
and Mur awe c (1960). Edgar e_t al. (1959) evaluated parallel 
progesterone estimations by chemical and biological methods. 
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EXPERIMENTAL PROCEDURE 
Tissue Incubation 
Ccoss-bred gilts, weighing 225-300 lbs. were used as 
experimental animals. They were checked daily with vasec-
tomized boars to determine occurrence of estrus and dura­
tion of their estrous cycles. Average duration of the es-
trous cycle in gilts is 21 days and pregnancy is 113 days. 
Animals used for pregnancy studies were mated one to three 
times. Gilts were slaughtered at selected stages of the 
estrous cycle and of pregnancy. 
Ovaries removed at slaughter were placed immediately 
over ice. Further processing prior to incubation was ac­
complished at 4°c. Corpora lutea were dissected free and 
placed in a Petri dish lined with filter paper moistened 
with Krebs Ringer bicarbonate buffer medium, pH 7.4 (Umbreit 
et al.,1949), containing 200 mg. % glucose. Representative 
pieces from each corpus luteum were pooled for use in each 
experimental procedure. Pieces were weighed, sub-divided to 
a maximum thickness of 0.3 mm. on a Harvard apparatus slicer 
to facilitate gaseous exchange and transferred to 20 ml. 
beakers containing 1 ml. of medium per 100 mg. of tissue. 
When sufficient material was available, 500-800 mg. of tissue 
was used for each treatment. Slices were incubated two hours 
in a Dubnoff Metabolic Shaking Incubator at 37.5°C. under an 
atmosphere of 95% Og and 5% CO^. Gas flow was 4 c.f.h.; 
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shaking rate was 100 r.p.m. Control samples for determina­
tion of initial endogenous progesterone were prepared along 
with those to be incubated but were extracted immediately 
with 95% ethanol. 
Progesterone Determination 
Tissue progesterone content was estimated by a procedure 
based upon column adsorption chromatography, countercurrent 
distribution, paper chromatography and spectrophotometry 
analysis. Following incubation tissue homogenized in its 
respective medium in a Lourdes multimixer was extracted for 
three one-hour periods with 75 ml. of 95% ethanol at 75°C. 
in a Dubnoff incubator. Pooled ethanol extracts were evap­
orated to dryness under reduced pressure at 60°C. on a Rinco 
rotary evaporator for column adsorption chromatography. 
Columns were prepared by pouring a suspension of 4.5 gm. of 
aluminum oxide (Merck 71707) in n-hexane into a chromato­
graphic tube 10 mm. in diameter and 300 mm. long fitted with 
a sealed coarse porosity disc. Column development and sub­
sequent countercurrent distribution were based on the pro­
cedure of Loy £t al. (1957). The extract was redissolved in 
20 ml. of n-hexane and applied to the column, followed by 
two 15 ml. volumes to rinse the flask. The column was de­
veloped with 100 ml. of n-hexane, followed by 100 ml. of 5% 
chloroform-n-hexane (v/v), followed by 100 ml. of a solution 
of 25% chloroform-n-hexane (v/v). Following evaporation to 
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dryness under reduced pressure at 60°C., this last fraction 
was transferred to a 125 ml. separatory funnel with three 10 
ml. volumes of Skellysolve A and two 5 ml. volumes of 70% 
aqueous methanol. Contents were then subjected to an eight 
transfer countercurrent distribution system using separatory 
funnels containing Skellysolve A (30 ml.) and 70% methanol 
(10 ml.). Solutions contained in the center five separatory 
funnels of the countercurrent were combined, evaporated to 
dryness under reduced pressure, and subjected to paper chroma­
tography using A and B-l systems of Bush (1952) and propy­
lene glycol, petroleum ether system of Savard (1953). One 
inch strips of Whatman No. 1 paper were extracted in a Soxhlet 
for 72 hours with absolute methyl alcohol prior to spotting. 
Residues were spotted in 95% alcohol using a micro-pipet with 
a screw-type suction filler. Spotted strips prepared for de­
scending chromatography were placed in 12x12x24 inch glass 
jars. Development proceeded for three hours at 34°C. After 
air drying, areas containing o(. fp -unsaturated ketones were 
located by scanning with a fluorescent germicidal type A fila­
ment fitted with a Corning No. 9683 filter to eliminate wave 
lengths other than the near ultraviolet. Three meg. of pro­
gesterone could be detected by this procedure. Areas contain­
ing progesterone as determined by scanning and reference to 
standard progesterone solutions run concurrently were eluted 
with diethyl ether and 95% alcohol (1:3 v/v) in an apparatus 
described by Rakes (1958). Five ml. of eluate was collected 
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and evaporated to dryness under reduced pressure. Progester­
one content of the residue dissolved in 5 ml. of 95% ethanol 
was calculated by applying the equation of Allen (1950) to 
observed absorbancies, corrected for paper blanks, at 230, 
240, and 250 mjx . obtained with a Beckman D.U. Spectrophoto­
meter. 
The following solvents were employed: n-hexane, benzene 
free* technical grade* Phillips Petroleum Co., Bartlesville, 
Oklahoma; chloroform, reagent grade* redistilled; Skellysolve 
A, sulfuric acid washed* redistilled (b.p. 37-41°c.); methanol, 
acetone free* anhydrous* reagent grade, redistilled; diethyl 
ether, reagent grade; 95% ethyl alcohol, redistilled. 
Hormone Preparations 
Gilt pituitary glands homogenized in all glass apparatus 
containing 0.5 ml. Krebs Ringer bicarbonate buffer medium were 
added to medium prior to incubation. Pituitaries were re­
covered by removing the dorsal half of the calvaria and then 
working anteriorly ventral to the brain toward the pituitary. 
The pituitary stalk was sectioned at the ventral border of the 
hypothalamus and the brain then lifted from the central cavity 
to permit removal of the pituitary body from the sella turcica. 
Effect of ovine lactogenic hormone, non-pituitary gonado-
trophins, relaxin and oxytocin was evaluated by adding the 
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following compounds, over the ranges indicated, to the Krebs 
Ringer bicarbonate buffer medium prior to incubation: 
1. Lactogenic Hormone (LTH; AVL0210 Armour and Co.), 
5 to 600 I.U./gm. of tissue. 
2. Pregnant Mare Serum (PMS; Gonadogen, Upjohn and Co.), 
50 to 2,000 I.U./gm. of tissue. 
3. Human Chorionic Gonadotrophin (HCG; Follutein, B. R. 
Squibb and Co.), 50 to 3800 I.U./gm. of tissue. 
4. Relaxin (Releasin, Warner-Chilcott Laboratories), 
60 to 16O mcg./gm. of tissue, 
5. Syntocinon (Sandoz, Inc.), 3 to 112 U.S.P. units/gm. 
of tissue. 
6. Purified Oxytocic Principle (P.O.P., Armour and Co.), 
1 to 88 U.S.P. units/gm. of tissue. 
Endometrial Preparations 
Gilt uterine endometrium was prepared for use as incuba­
tion media. Endometrium, removed by scraping uterine cornu, 
was subjected to repeated (3x) freezing and thawing to rupture 
cellular structure. These scrapings were filtered through 
double layered cheese cloth and the resulting filtrate collected 
and stored at ~20°C„ prior to use. Reproductive tracts from 
known stages of the cycle and pregnancy were obtained by 
slaughtering gilts at the Iowa State University Meats Labora­
tory. Stage of the reproductive cycle of tracts obtained at 
a local abattoir was assessed by; 1) gross appearance of the 
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gilt ; 2) degree of follicular development; 3) macroscopic 
appearance of corpora lutea or corpora albicantia; 4) pro­
liferation of uterine endometrium. 
Incubation media were prepared from: 
1. Endometrial filtrate. 
2. Endometrial filtrate following dialysis against dis­
tilled water (3x1:10 v/v) for 48 hrs. in the cold. 
3. Residue of the lyophilized dialysate of the above 
dissolved in Krebs Ringer bicarbonate buffer medium. 
4. Endometrial filtrate following heating at various 
elevated temperatures for 20 minutes. 
5. Residue obtained by evaporating to dryness under re­
duced pressure at 40°C. the combined filtrates of 
3x10:1 (V/V) 95% ethanol extracts. Residue was 
taken up in Krebs Ringer bicarbonate buffer medium. 
Each endometrial preparation was adjusted to pH 7.4 and buf­
fered with 1.3% sodium bicarbonate prior to use. 
Effect of Hysterectomy on Corpora Lutea 
Sub-total hysterectomies were performed on six non­
pregnant gilts to investigate the effect of removal of the 
uterus on survival of corpora lutea present at time of opera­
tion. A segment of uterus from mid cervix anterior to tubo-
uterine junctions was removed. Existing corpora were marked 
with sterilized powdered animal charcoal previously washed 
with distilled water. A mid-ventral approach and local 
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anesthesia were used for the operation. 
Anterior Pituitary Assay 
Gilt pituitaries recovered as described previously in 
this section were evaluated for relative gonadotrophic and 
prolactin activity. Collected pituitaries were frozen im­
mediately and retained in this condition until assayed. At 
time of assay the pars anterior was dissected free, acetone-
dried, ground to a powder, suspended in 0.85% saline, and a 
dry weight obtained. Follicle stimulating hormone (FSH) 
potency was estimated by injecting 22-day-old female rats 
twice daily for 3.5 days. Total doses administered were 4.66 
and 9.33 mg. Ovarian and uterine weights were obtained at 
autopsy on the day following last injection. Luteinizing 
hormone (LH) potency was estimated by injecting 21-day old 
male rats twice daily for 4.5 days. Total doses administered 
were 3.5 and 10.5 mg. At autopsy on the day following last 
injection testes, ventral prostate, seminal vesicle and leva­
tor ani weights were obtained. Lactogenic hormone activity 
was determined by intradermal injection over the crop sac of 
young squabs once daily for 4 days. (Meites and Turner, 1950), 
Each squab was injected at two sites; total doses per site were 
0.1, 0.2 and 0.4 mg. Crop sacs were removed the day following 
last injection and examined by transmitted light for evidence 
of glandular proliferation. 
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RESULTS AND DISCUSSION 
Standard Curve and Recovery of Progesterone 
Progesterone solutions were prepared at concentrations 
from 1.0 meg. to 30.0 meg. per ml. in 95% ethanol. Proges­
terone, obtained from Nutritional Biochemicals, Cleveland, 
Ohio, was examined by the Department of Biochemistry and Bi­
ophysics, Iowa State University and stated to be of the high­
est purity obtainable by physical and/or chemical methods.* 
The standard curve, plotting absorbancy at 240 m^i. against con­
centration, was linear over this range of concentrations (Fig­
ure 1) with a regression coefficient of 0.052 absorbancy units 
and a molar extinction coefficient (£ ) at 240 my. of 16,700. 
Figure 1 also presents absorbancy values following application 
of Allen*s (1950) correction. Absorbancy between 220 and 280 m^i. 
of various concentrations of progesterone in 95% ethanol are 
shown in Figure 2. 
Progesterone recovery was determined by adding a known 
amount of progesterone to a representative tissue sample prior 
to alcohol extraction and comparing the corrected absorbancy of 
this extract with that of an equivalent sample without exogen­
ous progesterone. An average recovery of 84.7 t 1.4% was ob­
tained when 25 to 100 meg. progesterone was added to 400 to 600 
mg. tissue samples containing 55 to 165 meg. of endogenous pro­
gesterone. (Table 1). 
-Analyst: Houston G. Brooks, Jr. 14 April 1959. 
28 
1.600 
0 0.800 
BQ 0.600 
12 5 10 20 30 
PROGESTERONE (MCG./ML.) 
Figure 1. Absorbancy at 240 mjA. for various concentrations 
of progesterone in 95% ethanol. 
Observed values. 
Corrected values (Allen, 1950). 
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Figure 2. Absorbancy between 220 and 280 mji. of various con­
centrations of progesterone in 95% ethanol. 
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Table 1. Progesterone recovery from gilt luteal tissue 
Exp. Progesterone Progesterone 
no. in tissue added Recovery 
meg. meg. % 
1 162 100 92.9 
2 146 100 81.9 
3 165 100 86.1 
4 148 100 81.9 
5 76 50 84.6 
6 54 50 82.4 
7 125 50 80.6 
8 98 25 87.4 
Average 84.7 
In Vitro Progesterone Synthesis 
For selected days of the estrous cycle and pregnancy of 
gilts, Table 2 shows the average weight of luteal tissue per 
animal, luteal progesterone concentrations both prior to and 
following two hour incubation, and average luteal progesterone 
per animal. Concentration of progesterone in luteal tissue in­
creased from 21 mcg./gm. at day 4 to 74 mcg./gm. by day 16 of 
the cycle, however, at day 18 (late diestrum) no detectable 
progesterone was present. An increase in hormone concentration 
was found after two hour incubation in all cases with the ex­
ception of tissue from day 18. The greatest increase, 137 meg./ 
gnu, was observed in luteal tissue from animals at day 4 of the 
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cycle. This increase was nearly twice that found in tissue 
from animals at days 8, 12, and 16 and represents a seven-fold 
increase over the endogenous level. Initial progesterone con­
centrations in corpora lutea from animals at days 16, 24 and 48 
of gestation were higher than those observed in tissue from 
gilts during the cycle. Increased progesterone concentrations 
following incubation were greater in corpora lutea from cycling 
than frcsi pregnant animals. The difference of 8 mcg./gm. be­
tween mean initial progesterone concentration at day 16 of the 
cycle and at day 16 of pregnancy was not significant (P = 0.05). 
Although a decrease in initial hormone concentration occurred 
during the latter part of pregnancy, the weight of luteal tissue 
per gilt was maintained up to day 102. The greatest amount of 
luteal progesterone per animal was found prior to midpregnancy. 
This quantity decreased to 120 meg. by day 102. 
In evaluating functional aspects of the corpus luteum it 
is of interest that morphologic development and retrogression 
of the corpus luteum parallel capacity of luteal tissue to 
synthesize progesterone as indicated by Table 2. Using the 
Corner-Allen assay, Blden (1934) reported progestin content of 
sow corpora as: corpora up to 6-7 days post ovulation 41 meg./ 
gm.; corpora of early and middle pregnancy 31 mcg./gm.; de­
generating corpora 16 mcg./gm; corpora albicantia 0.25 mcg./gm. 
Boyd and Blden (1935), reporting an inverse relationship between 
free cholesterol and progesterone in corpora, found the gland 
Table 2. In vitro synthesis of progesterone by gilt corpora lutea 
No. Av. wt. total 
ani- luteal tissue/ Progesterone concentration 
Day mais animal Initial After 2 hr. incubation Increase 
Av. luteal 
jprogesterone/ 
animal 
gm. mean ÎS.B. 
mcg./gm. 
mean tS.E. 
mcg./gm. 
mcg./gm. meg. 
of cycle 
4 3 1.11 21 + 5.4 158 + 17.4 137 23 
8 3 5.32 40 t 4.3 113 ± 17.7 73 213 
12, 4 5.49 61 ± 4.3 135 + 13.3 74 335 
16 3 4.20 74 + 3.1 146 + 22.9 72 311 
18 3 1.40 0 0 0 0 
of gestation 
16 3 5.82 82 ± 3.0 114 ± 12.1 32 477 
24 4 5.18 84 ± 4.7 145 ± 24.1 61 435 
48 4 5.50 105 + 7.6 141 ± 6.4 36 578 
72 4 5.30 68 + 4.3 106 ± 14.5 38 360 
96 3 5.61 52 + 3.1 98 + 8.6 46 292 
102 3 5.71 21 * 9.2 68 + 13.9 47 120 
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at 12-15th day of the cycle contained more progesterone than 
at any other time. Kimura and Cornwell (1938), in a more 
thorough study, reported progesterone content during the cycle 
as: day 1-3, 16 mcg./gm; day 3-10, 18 mcg./gm.; day 10-15, 
33 mcg./gm.; day 16-21, no detectable progestin; and during 
pregnancy as: day 15-20, 50 mcg./gm.; day 20-40, 50 mcg./gm.; 
day 40-75, 50 mcg./gm.; day 75-105, 67 mcg./gm.; day 105-110, 
40 mcg«/gm.; day 110, no detectable progestin. Gawienowski 
(1956) using a chemical assay reported a progesterone range of 
5.9 to 37.9 mcg./gm. of corpora lutea from sows 55 days preg­
nant. Spies et al. (1960) reported 34 mcg./gm. at day 25 of 
pregnancy and Loy ert aJL. (1958) reported a range from 20 to 
91 mcg./gm. of luteal tissue at the 70th day of gestation. Al­
though significant information is available on concentration 
of progesterone in the circulatory system of the human (Zander, 
1954), cow (Melampy ejt al., 1959; Short, 1958b), and ewe 
(Edgar and Ronaldson, 1958), useful data for sows is incomplete. 
Short (1957) reported progesterone concentration in plasma of 
sows during the luteal stage of the cycle and at day 90 of 
pregnancy as 0.83 and 0.34 mcg./l00 ml. respectively. No 
progesterone was detected 4 days postpartum. 
Although slices of swine corpora lutea were capable of 
synthesizing progesterone in vitro for at least six hours, 
tissue homogenized in all glass apparatus did not produce the 
hormone under similar conditions. Enzymic nature of the reac­
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tion was shown by complete inhibition of synthesis when luteal 
tissue was heated at 95°C for 30 minutes prior to incubation. 
Intermediate rates of biosynthesis were observed in tissue at 
room temperature (28°C). For example, tissue which synthesized 
70 mcg./gm. during two hour incubation synthesized 12 meg./ 
gm. during two hours at room temperature. Tissue capable of 
synthesizing 44 mcg./gm. during incubation synthesized 25 
mcg./gm. during six hours at room temperature. 
Pregnenolone, a probable precursor in biosynthesis of 
progesterone, was added to medium in concentrations ranging 
from 117 to 794 mcg./gm. of luteal tissue (Table 3). Proges­
terone content increased from 38 to 196 mcg./gm. of tissue 
above the amount synthesized by an aliquot of the same tissue 
in control medium. On a molar equivalent basis, this repre­
sented from 12 to 47% of the pregnenolone added. A maximum 
increase above controls of 658% was observed. Inclusion of 
pregnenolone over this range did not appear to saturate the 
enzyme system since tissue response within a given stage of the 
cycle increased with increasing pregnenolone concentration. 
Diphosphopyridine nucleotide (DPN) also augmented proges­
terone synthesis. Progesterone concentration increased 89 
mcg./gm. when 6jU M. of DPN was added. Introduction of 500 meg. 
of pregnenolone to medium containing another aliquot of tissue 
increased concentration by 95 meg. When both precursor and 
Table 3. Effect of pregnenolone on in vitro progesterone synthesis by gilt luteal 
tissue 
Exp. Stage of Pregnenolone Increased progesterone meg, inc. progesterone 
no. corpora addled synthesis meg. pregnenolone added 
day meg. mcg./gm. 
of tissue 
mcg./gm. % % 
1 25P 500 794 95 251 12 
2 25P 150 300 142 378 47 
3 25P 250 
250 
250 
379 
393 
440 
113 
150 
196 
379 
502 
658 
30 
38 
45 
4 16P 100 117 38 84 32 
5 16P 200 213 53 486 25 
6 16P 250 323 65 156 20 
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co-enzyme were added to a third aliquot, progesterone concen­
tration increased 23 5 meg. 
Table 4 presents data showing effect of homogenized gilt 
pituitary on in vitro synthesis of progesterone by luteal tis­
sue. These data indicate inclusion of homogenates of fresh 
whole glands from gilts at different stages of the cycle and 
gestation did not significantly (P = 0.05) inhibit or stimulate 
in vitro synthesis under the experimental procedures employed. 
Ovine lactogenic hormone had no significant effect on 
in vitro synthesis by luteal tissue from either cyclic or preg 
nant animals as indicated by results in Table 5. Intramuscu­
lar injections of 125 and 250 I.U. of ovine lactogenic hormone 
daily for three days prior to slaughter on day 12 of the cycle 
did not alter initial concentration of progesterone in luteal 
tissue or influence in vitro progesterone synthesis. It has 
been demonstrated that lactogenic hormone activity of gilt 
pituitaries increases during the luteal phase of the cycle 
and during gestation (Day et al., 1959). However, there is no 
experimental evidence indicating lactogenic hormone has iuteo-
trophic function in swine. Ovine lactogenic hormone had no 
effect on in vitro synthesis of progesterone when added to in­
cubation media or administered to gilts prior to slaughter. 
In addition, 2 gilts were given intramuscular injections of 
lactogenic hormone at levels of 125 and 250 1.11. beginning at 
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Table 4. Effect of homogenized gilt pituitary on in vitro 
progesterone synthesis by gilt luteal tissue 
Mean progesterone concentration 
No. of after 2 hrs, incubation 
Day i animals Control With homogenized pitu­
itary 
mcg./gm mcg./gm. 
4Ca 3 156 162 
8C 3 112 114 
12C 4 137 131 
16C 3 145 145 
18C 3 0 0 
16Pb 3 121 109 
24P 4 152 140 
48P 2 144 142 
72P 4 106 107 
96P 3 98 133 
102P 3 68 68 
aEstrous cycle 
^Pregnancy 
day 12 of the cycle and continuing for 13 days. Both animals 
showed estrus at day 21, indicating treatment did not extend 
the functional life span of the corpora lutea. These findings 
are similar to those reported by Smith et al. (1957) for the 
cow. According to Sammelwitz and Nalbandov (1958) daily in-
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Table 5. Effect of lactogenic hormone3 on in vitro progester­
one synthesis by gilt luteal tissue 
Mean progesterone conc. after 
No. of 2 hr. incubation 
Day animals Control With lactogenic hormone 
mcg./gm. mcg./gm. 
4Cb 3 156 156 
8C 3 112 111 
12C 4 137 137 
16C 3 145 144 
18C 3 0 0 
16PC 3 121 112 
24P 4 152 153 
48P 4 139 143 
72P 4 106 104 
96P 3 98 117 
102P 3 68 68 
aArmour*s LTH (AVL 0210) 
^Estrous cycle 
cPregnancy 
jection of 400 mg. of progesterone beginning at the first day 
of heat causes regression of swine corpora at the 20th day of 
gestation. However, lactogenic hormone failed to counteract 
this effect. In rats (Nelson, 1946) and possibly sheep 
(Nalbandov, 1958) lactogenic hormone has been found to prolong 
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the life span of corpora lutea. 
Likewise, addition of non-pituitary gonadotropins, PMS 
and HCG, to incubation medium did not alter in vitro synthesis 
of progesterone by gilt luteal tissue. Relaxin, a hormone 
present in swine luteal tissue, was also without action. 
Addition of Syntocinon (3 to 53 U.S.P. units/gm. of tissue) 
or P.O.P. (37 to 88 U.S.P. units/gm. of tissue) to medium prior 
to incubation reduced in vitro synthesis of progesterone over 
a range of 44 to 86% (Table 6). Standard preparations of these 
compounds contain 0.5% chlorobutanol. Chlorobutanol added to 
medium in amounts equivalent to those present in the hormone 
preparations used similarly inhibited synthesis from 43 to 
88%. Use of a chlorobutanol-free Syntocinon sample over a 
range of 26 to 112 U.S.P. units/gm. of tissue did not alter 
in vitro synthesis by luteal tissue. Apparently the inhibition 
observed in vitro with standard Syntocinon and P.O.P. prepara­
tions containing chlorobutanol was due solely to the presence 
of the preservative. 
There is, however, some experimental evidence suggesting 
oxytocin may play a part in the development of the corpus 
luteum. Armstrong and Hansel (1959) found daily administration 
of natural or synthetic oxytocin to post-puberal nonlactating 
heifers during the first week of the estrouscycle resulted in 
Table 6. Effect of oxytocin and chlorobutanol on in vitro progesterone synthesis 
by gilt corpora lutea 
Total Chlorobutanol/ Progesterone concentration Inhibition 
Treatment dose gm. tissue Initial After 2 hrs. Treated 
incubation 
I.U. mg. mcg./gm. mcg./gm. mcg./gm. % 
P.O.P.* 1 0.4 70 115 119 0 
40 9.3 71 94 84 44 
40 11.0 73 98 82 64 
20 22.0 11 174 67 65 
Syntocinon^ 2 1.5 95 180 133 56 
4 3.0 95 180 130 60 
40 26.7 85 153 94 86 
Syntocinon0 15 92 147 150 mmmm 
58 
— -
92 147 147 
Chlorobutanol 3.9 97 146 125 43 
8.6 97 146 112 68 
22.3 87 125 101 88 
aPurified Oxytocic Principle, Armour and Co. 
^Contains 0.5% chlorobutanol 
GChlorobutanol free 
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a marked shortening of the diestrual period. They concluded 
the observed effects of oxytocin were caused by inhibition of 
normal corpus luteum function, possibly by interfering with 
secretion of a luteotrophic hormone from the anterior pituitary. 
Daily intramuscular or intravenous injection of P.O.P. into 
gilts for 7 days beginning with estrus, at levels of 5, 25, 75 
and 225 U.S.P. units per 100 lbs. body weight, did not alter 
the diestrual period of treated animals.* They returned to 
estrus approximately 21 days after initial injection. 
Effects of endometrial filtrates on in vitro synthesis of 
progesterone by luteal tissue are presented in Figure 3. Re­
sults are expressed as percentages of the progesterone synthe­
sized by an aliquot of the same tissue incubated in Krebs 
Ringer bicarbonate buffer medium. There was an increase in 
hormone synthesis by tissue from cycling and pregnant animals 
when incubation medium was prepared from endometrium from the 
active luteal phase of the cycle (days 12 and 13). Signifi­
cant increases ranged from 81 to 206% above controls. Medium 
prepared from endometrium from the late luteal phase (days 16 
and 18) had a definite inhibitory effect on progesterone syn­
thesis by tissue obtained during the cycle and pregnancy. Re­
sults with endometrium from pregnant animals were less con­
clusive. Incubation medium prepared from endometrium at day 
i 
Data supplied by L. L. Anderson, Iowa State University 
42 
24 of gestation showed both significant inhibitory and stimu­
latory effects. Material prepared from an animal 96 days 
pregnant increased progesterone synthesis by 81%. 
To provide a basis for future endeavors at characteri­
zation of the factor(s) responsible for these observed effects* 
preliminary investigations were performed on the effect of 
dilution, dialysis, protein precipitation and heating of 
filtrates. The extent of inhibition observed with endometrial 
filtrates from the late luteal phase was related to the volume 
of filtrate included in the medium. With medium volume main­
tained at 5 ml. by addition of appropriate amounts of Krebs 
Ringer bicarbonate buffer solution, the effect of dilution 
on the inhibitory activity of two preparations - each from 
5 proestrus gilts - on synthesis by luteal tissue from the 
24th day of pregnancy is shown in Table 7. Inhibitory ac­
tivity was associated with the alcoholic fraction following 
protein precipitation. Inhibition of 27, 82 and 78% was 
noted with three different samples - comparable to the in­
hibition observed with each respective whole filtrate. Resi­
dues of lyophilized dialyzates taken up in Krebs Ringer bi­
carbonate buffer inhibited in vitro progesterone synthesis. 
Sixteen percent inhibition was observed using the dialyzate 
following dialysis for 24 hrs. of a sample capable of com­
plete inhibition. Inhibition equivalent to that associated 
with untreated endometrium was observed with the dialyzate 
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Figure 3» Effect of endometrial filtrates on in vitro 
progesterone synthesis by gilt luteal tissue. 
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Table 7. Effect of dilution on inhibitory activity of two 
endometrial filtrates from proestrus gilts 
Progesterone after Decrease in 
Treatment 2 hr. incubation synthesis % inhibition 
meg ./gm. mcg./gm. 
Initial conc. 85 
Incubated cont.a 142 
5.00 ml. filtrate 108 34 60 
2.50 ml.filtrate 115 27 47 
1.25 ml.filtrate 136 6 11 
Initial conc. 90 
Incubated cont.a 140 
2.50 ml. filtrate 109 31 62 
1.25 ml. filtrate 112 28 56 
0.65 ml. filtrate 116 24 48 
0.16 ml. filtrate 135 5 10 
aIncubated in Krebs Ringer bicarbonate buffer medium 
obtained following 48 hrs. dialysis. Endometrium capable of 
60% inhibition had no affect on progesterone synthesis when 
it was used as medium following dialysis for 48 hr. Aliquots 
of proestrus endometrium heated at room temperature, 50°c., 
75°C. and 100vc. for 15 minutes reduced synthesis by 59%, 
43%, 19% and 50% respectively. With exception of the samples 
heated at 100°C. in which there was considerable denatured 
protein, inhibitory effect is reduced following heating. 
According to Asdell and Hammond (1933) growth of the 
uterus may maintain the corpus luteum while if uterine degener­
ation occurs for any reason, degeneration c-f the corpus luteum 
45 
may follow. The physiologic nature of this dependency is 
unknown. Proliferation of uterine endometrium in the gilt 
begins at estrus and attains a maximum about the 8th to 10th 
day of the cycle (Patten, 1958). However, during the inter­
val following day 15 to the beginning of the next cycle there 
is a slow reversion to the resting type of all structures. 
These morphologic changes of endometrium can be correlated 
with functional development and retrogression of corpora lutea 
as indicated by the progesterone concentration in luteal tis­
sue (Table 2). Results of this investigation suggest a re­
lationship between life span of corpora lutea and endometrium 
(Figure 3). However, both the stimulatory and inhibitory ac­
tivities observed with endometrial filtrates may be the result 
of non-specific substances present in endometrium. These 
substances may or may not be involved in the in vivo develop­
ment, maintenance and regression of the corpus luteum during 
the estrous cycle. 
Effects of Subtotal Hysterectomy 
Subtotal hysterectomy of gilts at 7 and 15 days after 
estrus caused maintenance of functional corpora lutea (Table 
8) as indicated by initial progesterone content and capacity 
of this luteal tissue to synthesize progesterone in vitro. 
Initial hormone concentrations 25 and 50 days post-hysterectomy 
corresponded to concentrations observed during the latter 
half of the progestational phase of the cycle and days 16 to 
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72 of gestation. Increases following incubation were similar 
to those of luteal tissue from pregnant gilts. Luteal pro­
gesterone per animal was comparable to that present in ani­
mals during early gestation. These observations on luteal 
maintenance are in agreement with the results of earlier 
observers such as Loeb (1923b), Asdell and Hammond (1933), and 
Bradbury e_t al. (1950), who evaluated luteal function follow­
ing hysterectomy in terms of duration of pseudopregnancy. Lu­
teal progesterone per animal following hysterectomy was com­
parable to that present in animals during early gestation. 
Hysterectomy at day 15, when corpora may first exhibit morpholo­
gic degenerative changes, did not abolish subsequent increase 
in progesterone content. Rowlands and Short (1959) observed 
increased luteal progesterone content and cessation of degen­
erative changes in corpora following hysterectomy in guinea 
pigs. 
Bradbury ejt al_. (1950) stated that in some species apparent­
ly there are luteolytic substances, especially in the endome­
trium, which hasten involution of corpora lutea in non-fertile 
cycles. Inactivation or removal of this luteolysin may allow 
the corpus luteum to persist in an active state for a period 
of time equivalent to the duration of pregnancy. Hechter et al. 
(1940) and Chu et aJL. (1946) demonstrated that effects of hys­
terectomy on persistence of corpora lutea could be abolished 
in the rat and rabbit by transplants of uterine tissue. A 
Table 8. Effect of hysterectomy on progesterone concentration in gilt corpora 
Day of Days to Corpora lutea Progesterone Av. luteal pro 
cycle slaughter no. wt. concentration gesterone/ 
hyster- post- Ini- After 2 In- animal 
ectomy hysterectomy tial hrs. in- crease 
cubation 
gm. mcg./gm meg. 
7 25 4 2.1 73 115 42 155 
7 25 12 7.2 97 146 49 701 
7 25 10 3.8 78 116 38 296 
7 25 11 3.0 70 124 54 213 
7 50 16 5.5 58 104 46 319 
15 50 17 6.0 70 115 45 417 
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similar role of uterine transplants has not been observed in 
the guinea pig (Loeb, 1927) or the gilt (Spies et al., I960). 
Mishe11 and Motyloff (1941) reported bovine endometrial extract 
retarded ovarian atrophy following hysterectomy in the rabbit. 
Tenny et al. (1958) reported similar findings following admin­
istration of an aqueous extract from a human uterus. These 
findings suggest the uterus plays an important part in re­
gression of corpora lutea in the non-fertile cycle. 
Spies e_t al. (I960) indicated regression of swine corpora 
lutea may be self-induced since a significant reduction in cor­
pora weights was observed following injection of pregnant and 
hysterectomized gilts with progesterone. No significant 
change in progesterone concentration was noted. These changes, 
however, differ from those observed in natural regressing cor­
pora of late pregnancy. Endogenous progesterone levels de­
creased in concentration with advancing gestation whereas total 
weights of luteal tissue remained relatively constant (Table 2). 
Sammelwitz and Nalbandov (1958) stated that treatment of cycling 
gilts with exogenous progesterone did not significantly alter 
normal luteal development or regression. 
FSH, LH and lactogenic hormone relative activities of 
gilt pituitaries from different stages of the cycle and preg­
nancy as well as post-hysterectomy are presented in Table 9. 
Hormone activities during the cycle and pregnancy were calcu­
lated from data of Day (1958). Although the bioassay methods 
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employed do not offer a direct quantitative measurement of FSH 
and LH contents of individual pituitary glands due to syner­
gistic actions existing between the hormones, the uterine weight 
response was considered to give an approximate relative FSH 
potency and the ventral prostate weight was used to estimate 
relative LH potency. FSH potency of the anterior pituitary 
two days after onset of estrus was significantly lower than all 
other stages studied (P = 0.05). None of the remaining four 
were significantly different from each other at the 5 percent 
level. Twenty-five days post-hysterectomy FSH activity was 
comparable to the levels observed during the estrous cycle and 
pregnancy, whereas 50 days post-hysterectomy this activity was 
significantly lower. 
Differences among reproductive stage means in the LH 
assay were not statistically significant (P=0.05) and removal 
of the uterus did not appear to influence LH potency. 
A linear increase in lactogenic hormone potency was ob­
served with increase in the time interval after estrus. Fol­
lowing subtotal hysterectomy, lactogenic hormone activity was 
on an average above that found during pregnancy. 
Table 9. Relative FSH, LH and lactogenic hormone activities of gilt pituitaries 
Stage of gilt FSH assay LH assay Lactogenic hormone 
Days Uterine wt. Ventral prostate Av. response 
(mg.) (mg . )  
Bstrous cycle3 
2 85 (6) 43 (3) .29 (6) 
10-12 125 (6) 61 (4) .88 (6) 
18-19 131 (6) 56 (3) 1.08 (6) 
Pregnancy3 
25 116 (6) 64 (3) .92 (6) 
85 131 (6) 67 (6) 1.33 (6) 
Post-hysterectomy 
(1) (1) (1) 25 115 64 1.25 
25 129 (1) 52 (1) 1.13 (1) 
50 61 (1) 55 (1) 1.37 (1) 
50 74 (1) 57 (1) 2.25 (1) 
Control rats 
1) Cycle and pregnancy 38 (8) 44 (5) -
2) Post-hysterectomy 35 (8) 44 (5) 
aData of Day, (1958) 
^Number of pituitaries assayed 
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SUMMARY 
A method is presented for investigation of in vitro pro­
gesterone synthesis by swine luteal tissue. Average weight of 
luteal tissue per animal was 1.11 gm. at day 4 of the estrous 
cycle, 5.49 gm. at day 12 and 1.40 gm. at day 18. Average cor­
pora lutea weight per animal during gestation was relatively 
constant. During the estrous cycle, concentration of progester­
one in luteal tissue increased from 21 mcg./gm. at day 4 to 
74 mcg./gm. at day 16. No detectable hormone was present at 
day 18. Luteal progesterone concentration increased to 145 
mcg./gm. during the first half of gestation, declining during 
the latter half of pregnancy to 68 mcg./gm. at day 102. Hor­
mone concentration in luteal slices increased following two 
hour incubation in Krebs Ringer bicarbonate buffer medium ex­
cept in tissue obtained at day 18 of the cycle. A seven fold 
increase in concentration was observed with tissue from day 4 
of the cycle. 
Pituitary homogenates from gilts at different stages of 
the cycle and gestation, PMS, HCG, relaxin, lactogenic hormone 
and oxytocic preparations were uniformly unsuccessful in al­
tering the intrinsic capacity of luteal tissue slices to syn­
thesize progesterone under the conditions employed. 
Subtotal hysterectomy prolonged the functional life of 
gilt corpora lutea as indicated by progesterone content and 
capacity of tissue to synthesize the hormone in vitro. En-
51 
dometrial filtrates obtained at days 12 and 13 of the cycle 
increased in vitro synthesis by luteal tissue of the cycle 
and pregnancy whereas filtrates of days 16 and 18 showed a 
definite inhibitory effect on hormone synthesis. Preliminary 
investigations indicated the factor or factors responsible for 
the observed inhibition of synthesis: were found in solution 
following protein precipitation; had their specific activity 
reduced following heating of filtrates ; and dialyzed through 
a cellophane membrane. The possibility of a uterine sub­
stance directly or indirectly influencing regression of cor­
pora lutea was considered. 
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